Equipement pour la mesure en continu dans un système de récupération des eaux pluviales : procédures d'étalonnage, premiers résultats sur les performances et applications by Galarza-Molina, S. et al.
NOVATECH 2016 
1 
On-line equipment installed in a stormwater 
harvesting system: calibration procedures, first 
performance results and applications  
Equipement pour la mesure en continu dans un système 
de récupération des eaux pluviales : procédures 
d'étalonnage, premiers résultats sur les performances et 
applications 
 
Sandra Galarza-Molina1, Alejandro Gómez1, Nathalie Hernández1, 
Matthew Burns2, Tim Fletcher2 and Andres Torres1 
 
1 Ciencia e Ingeniería del Agua y el Ambiente Research Group, Pontificia 
Universidad Javeriana, 110231 Bogotá, Colombia ({sgalarza, gomez-alejandro, 
ingrid.hernandez, andres.torres}@javeriana.edu.co) 
2 Waterway Ecosystem Research Group, The University of Melbourne, Burnley 
Campus: 500 Yarra Blvd, Richmond, Melbourne, Australia ({matthew.burns, 
timf`}@unimelb.edu.au)   
 
 
RÉSUMÉ 
Cet article présente les procédures d'étalonnage de l'équipement de mesure en continu d'un système 
roselière-artificielle/bassin-réservoir (RABR) utilisé pour la récupération des eaux pluviales. Pour 
l'étalonnage des hauteurs d'eau, au lieu de définir un modèle explicite reliant le débit et la hauteur 
d'eau, nous avons développé une méthode qui prend en compte tous les couples hauteur/débit 
mesurés. Pour l'étalonnage des données en continu de la qualité en fonction des concentrations en 
MES obtenues en laboratoire, nous avons utilisé une méthode qui emploie SVM (Support Vector 
Machines) et l'analyse des incertitudes. En termes de quantité d'eau, nous avons analysé 12 mois de 
hauteurs d'eau enregistrées entre juin 2014 et mai 2015 (157 évènements pluvieux). Les premiers 
résultats montrent que pendant cette période, le système RABR a été sollicité par des débits 
maximum compris entre 0.04 L/s et 50.6 L/s. Les débits maximums en sortie varient de 92% à 10% de 
ceux mesurés en entrée. En termes de qualité, nous avons analysé les deux périodes les plus 
longues pour lesquelles nous disposions de données enregistrées en continu : la rétention en 
concentration de polluants varie de 36% à 90%. 
ABSTRACT 
This paper presents the calibration procedures for the monitoring equipment of a constructed-
wetland/reservoir-tank (CWRT) used for SWH (stormwater harvesting) purposes. For the calibration of 
the water levels, instead of defining an explicit model that relates water flow and level, we developed a 
methodology that considers all the water level / flow rate pairs measured. For the calibration of on-line 
continuous water quality data vs. TSS laboratory reference concentrations, we used a methodology 
that employs SVM (Support Vector Machines) and uncertainty analysis. In terms of water quantity, we 
have analysed 12 months of recorded levels from June of 2014 to May of 2015 (157 storm rain 
events). Initials results show that during this period the CWRT handled flow peaks between 0.04 L/s 
and 50.6 L/s. In addition, outflow runoff peaks vary between 92% and 10% of those observed for 
inflow. In terms of water quality, we analysed the two longest recorded periods, for which the pollutant 
concentrations retention efficiencies range between 36% and 90%.  
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1 INTRODUCTION 
Recent studies in urban drainage management have come to view urban water runoff as an 
opportunity (Mitchell et al. 2006). In other words, researchers have recognized the additional water 
supply, reduced potable water demand, increased biodiversity and improved microclimate offered by 
this source is less a problem and more a boon (Ashley et al. 2013). Hence, further attention is being 
paid to Stormwater Harvesting (SWH) as an alternative source of water for non-potable purposes 
(Ghimire et al. 2012; Ghisi et al. 2009; Hatt et al. 2006; Shuster et al. 2013).  
In recent years it has been found that for collecting and storing stormwater runoff, design focused on 
sustainable urban water drainage Water Sensitive Urban Design (WSUD) generates opportunities for 
SWH systems (Wong 2007). The Sustainable Urban Drainage Systems (SUDS) are included in the 
WSUD concept. Initially, these systems were designed for flood control: collecting, storing, and 
treating the stormwater; and to minimize the effects of the infrastructure (such as soil 
impermeabilization and increase of water demand). SUDS collect, store and improve the stormwater 
quality, trying to emulate the hydrologic conditions extant before urbanization (Durrans et al. 2003). In 
spite of research carried out worldwide on SUDS performance (e.g. Boogaard et al. 2014; Brown and 
Hunt 2012), there remains a pressing —current— need to analyze SUDS performance for SWH, 
especially in light of the lack of design, monitoring, operational and maintenance specific knowledge. 
In Colombia, although some research has looked into SWH or RWH (Ballén et al. 2006; Lara Borrero 
et al. 2007; Palacio Castañeda, 2010; Ramírez 2009; Sanchez and Caicedo 2003; Torres et al. 2011b; 
a, 2013c) and SUDS (Álvarez and Celedón 2012; Devia et al. 2012; Galarza and Garzón 2005; 
Gómez-González et al. 2010; Torres et al. 2011c, 2012), few research projects have taken SUDS into 
account for SWH purposes. Hence, the Pontificia Universidad Javeriana Bogotá’s (PUJB) SWH 
project seeks to fill the previously mentioned gap in Colombian research. This research stems from 
work done by various members of the university’s academic community since 2007. The chosen 
technology (constructed-wetland/reservoir-tank –CWRT–) collects stormwater runoff from the 
University parking building, the soccer field and the areas that surround the system. Since 2014, we 
installed a monitoring system to gauge the system’s performance. To ensure data quality, our 
experiment requires a procedure to calibrate: (i) the levels recorded vs. flow measured through a weir; 
(ii) online continuous data from the water quality sensors vs. laboratory reference concentrations. This 
article presents the procedures followed and the relevant data necessary for calibration procedure of 
the monitoring system of the CWRT.  
2 METHODS 
2.1 Constructed-wetland/reservoir-tank 
The constructed-wetland/reservoir-tank (CWRT) system of PUJB ( 
 
 
Figure 1a), built from 2012 to 2013, receives runoff from the parking lot (3776 m2) ( 
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Figure 1b), soccer field and green areas (14.816 m2). The constructed-wetland (CW) was specifically 
designed to enhance the quality of runoff from the parking lot. It is a horizontal subsurface flow (HSSF) 
wetland ( 
 
 
Figure 1c) and the underlying gravel bed was built with different gravel sizes to minimize possible 
clogging. The CW is divided in three zones and the gravel are strictly organized according to a 
decreasing size: the first zone has a gravel size of 1 in; the second zone has a gravel size of ¾ in; and 
the third zone has ½ in. The CWRT system has two settling tanks ( 
 
 
Figure 1c): one before the CW and the other that receive the stormwater runoff from the soccer field. 
For more information see Galarza-Molina et al. (2015). 
2.2 Monitoring systems for the CWRT water quantity and quality 
To gauge the system’s performance (its hydraulic attenuation), it is monitored by means of two 
triangular sharp-crested weirs, a series of piezometers and ultrasonic level sensors. The weirs are 
located in the entrance of settling tank (inflow,  
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Figure 1-c #1) and the exit of the CW (Outflow-c #2,  
 
 
Figure 1-c). The piezometers are spaced throughout the CW. The ultrasonic levels record the water 
level every minute. We placed six sensors: one in front of each weir, three in the constructed-wetland 
and one in the reservoir tank (white dots  
 
 
Figure 1-c). To gauge the system’s performance in terms of quality we installed two UV-Vis sensors 
(spectro::lyserTM of s::can company). One on the CWRT entrance  
 
 
Figure 1-c #1 and the other one in the CW exit ( 
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Figure 1-c #2).  
 
 
 
Figure 1: CWRT system: (a) Location of the CWRT system at PUJB; (b) Parking building location; (c) CWRT 
system plan view: 1. Inflow from the parking lot, 2. Outflow from the CW, 3. Inflow from the soccer field and green 
areas, 4. Outflow of the CWRT 
2.3 Calibration methods for the monitoring systems 
In order to calibrate the weir that is at the entrance of the CWRT system, we built a pipeline system 
that introduces water to the system. We used an ultrasonic flow meter (a portable ultrasonic flowmeter 
– Portaflow C by Fuji Electric) that measures the inputs flow, and an ultrasonic level sensor that 
quantifies the change of the levels. During four days (April 16 and 17, September 25 and October 2, 
2015), the flow was changed four times in ascendant way and in a descendent way, and at the same 
time the weir water levels were recorded. For each flow, we measured and recorded the data during 
30 minutes, forming groups or so-called clusters of flow rates and levels (one cluster for each value of 
flow rate). The recorded flows varied between 0.025 L/s and 7.54 L/s for the inflow and 0.66 L/s and 
3.03 L/s for the outflow Figure 2. After analysing the data, we observed dispersion for measured flows. 
Instead of defining an explicit model that relates water flow and level, we developed a methodology 
with random selections and interpolation of the measured data: a specific level recorded on-line will be 
between two closest clusters of recorded levels, then, the two possible levels are chosen randomly 
and with a linear interpolation the corresponding flow is computed. For the levels that are over the 
measured ones, we computed the flow rate based on weir hydraulics, taking into account the field 
coefficient of discharge (Cd) obtained from experiments for the maximum water levels: Cd is chosen 
randomly from all possible Cd values.  
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Figure 2: Left-figures: Recorded flow vs. water level for inflow and outflow, data clusters are grouped with the red-
dash circle. Right-figures: Coefficient of discharges (Cd) obtained vs water table (H) for inflow and outflow, the Cd 
used are grouped with red-dash circles  
For the UV-Vis sensors calibration, due to the fact that the composition of the stormwater is highly 
variable, the manufacturer suggests adapting the overall calibration to the specific quality of the waters 
of the studied water system through a local calibration (Fleischmann et al. 2001; Hochedlinger 2005). 
We developed the UV-Vis sensor local calibration using laboratory reference concentrations of 55 
water samples (from six rain events) coupled with the measurement of the absorbance spectra of 
these samples. TSS total concentrations were determined in the water quality laboratory of the School 
of Engineering at the PUJ, following the procedures established by the Standard Methods (Rice et al. 
2012). Table 1 shows a summary of the laboratory results for TSS concentrations.  
Table 1 Summary of the laboratory results for TSS concentrations (mg/L) 
Date TSS in TSS out Date TSS in TSS out 
22-Apr-14 1.7-23.2 5.2-11.7 3-Mar-15 96-172 4.8-5.4 
6-May-14 11.5-50.7 6.1-7.3 16-Mar-15 20-28.9 4.3-6.5 
9-Oct-14 28.4-40.3 3.9-5.8 5-Nov-15 90.8-9.5 8.67-6.5 
The UV-Vis sensor calibration procedure requires the consideration of the uncertainty associated with 
the laboratory TSS concentrations and the UV-Vis sensor data. For this, we used the methodologies 
proposed by Torres (2011) and Torres et al. (2013a) for the assessment of uncertainties and detection 
of multivariate outliers, respectively. The following accuracies were taken into account: for the case of 
TSS, the accuracy of the scale used to measure the masses (0.001 g), and the accuracy of the test 
tube used to measure the volume of each sample (0.01 L), and for the case of the UV-Vis sensors, the 
accuracy of the probe (0.001 abs/m). Then, was used Support Vector Machines (SVM) method with 
the kernlab package (Karatzoglou et al. 2001) (Scripts in R (R Core Team 2014)). Normally, for this 
task other authors used Partial Least Squares (PLS) methods (Torres and Bertrand-Krajewski 2008), 
but recently in Torres et al. (2013a) authors found that SVM models seem to be more parsimonious 
and give more robust results than PLS models. The kernlab package proposes the most popular 
kernel functions: (a) rbfdot Radial Basis kernel "Gaussian", (b) polydot Polynomial kernel, (c) 
vanilladot Linear kernel, (c) tanhdot Hyperbolic tangent kernel, (d) laplacedot Laplacian kernel, 
(e) besseldot Bessel kernel, (f) anovadot ANOVA RBF kernel, (g) splinedot Spline kernel. For 
more information about SVM models see Torres et al. (2013a). Using Monte Carlo method for the 
uncertainty analysis, we generated 10000 random replicas of TSS laboratory concentrations (mg/L) 
per sample and for absorbance spectra measurements. Then after running 10000 simulations in each 
of the kernel functions, the correlation coefficient (r) and the RMSE (Root Mean Square Error) were 
estimated. 
3 RESULTS AND DISCUSSION 
3.1 Weir calibration results 
We have analysed 12 months of recorded levels from June of 2014 to May of 2015 (157 storm rain 
events). During this period, rain intensities range between 2 and 22 mm/h. Initials results show that 
during 2014 the CW handled flow peaks between 0.04 L/s and 50.6 L/s. In addition, outflow runoff 
peaks vary between 92% and 10% of those observed for inflow (e.g. 
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Figure 3-upper part: Flow vs time of October 2014). During the first semester of 2015 the behaviour 
was similar. For the first period, we had problems with the ultrasonic level located at the output, and 
thus it was not possible to obtain outflow cumulated volumes for long periods. In the case of the 
second period (first semester of 2015), we could compute the volume retained by the CW. According 
to this semester, the system can retain up to 75% of the total inflow volume.    
3.2 UV-Vis sensor calibration  
The best r and the lowest RMSE (9 mg/L for calibration and 2 mg/L for validation) were obtained for 
the following functions: polydot Polynomial kernel and vanilladot Linear kernel. For the other models, 
the RMSE varies between 3 mg/L and 167 mg/L for calibration and 24 mg/L and 128 mg/L for 
validation; r varies between 0.06 and 0.95 for calibration and 0.06 and 0.78 for validation. 
As an example of the methodology used for the UV-Vis sensor calibration, we took the two longest 
recorded periods: October 2014 (18 days) (  
Figure 3- lower part TSS vs time) and May 2015 (15 days). Using the models with the best fit (10000- 
polydot Polynomial kernel), we simulated the event and calculated the CW efficiency in terms of TSS 
retention. For these periods, the TSS concentrations for the inflow range between 4.5 mg/L and 113.2 
mg/L and for the outflow between 1.1 mg/L and 30 mg/L. For May 2015, the efficiency of the system 
varies between 36% and 90%. In the case of October of 2014 the efficiency of the system varies 
between 42% and 80%. 
4 CONCLUSION  
This paper shows a calibration methodology to ensure data quality of the CWRT monitoring system. 
Based on these results, we will develop real-time decision-making methods for improving the CWRT 
performances. Our experiment requires a procedure to calibrate: (i) the levels recorded vs. flow 
measured through a weir; (ii) online continuous data from the water quality sensors (UV-Vis sensor) 
vs. laboratory reference concentrations. For the calibration of the water levels, we developed a 
methodology based on random selections and interpolation of the measured data. For the calibration 
of online continuous data vs. TSS laboratory reference concentrations, we developed a methodology 
that uses SVM (Support Vector Machines) and uncertainty analysis.  
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Figure 3: Rain events results of October 2014. Upper part figure: Flow vs time, blue line inflow and magenta line 
outflow; Lower part figure: TSS concentration vs time, red line TSS inflow and green line TSS outflow  
In terms of water quantity, we have analysed 12 months of recorded levels from June of 2014 to May 
of 2015 (157 storm rain events). Initial results show that during this period the CWRT handled flow 
peaks between 0.04 L/s and 50.6 L/s. In addition, outflow runoff peaks vary between 92% and 10% of 
those observed for inflow. In the case of the second period (first semester of 2015), the system can 
retain up to 75% of the total inflow volume. In terms of water quality, we analysed the two longest 
recorded periods. The pollutant concentrations retention efficiencies range between 36%-90%.  
Future work will apply the same calibration methodology for other quality parameters (e.g. Chemical 
Oxygen Demand - COD).   
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